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Summary of Progress

Diamond growth in our microwave lamp has been successfully demonstrated. The samples grown
for six hours show the crystalline structure with the grain sizes of 1~3 um by an optical micro-
scope. X-ray diffraction (XRD) also indicated these samples were diamond films with random
orientation. However, bad samples with black appearance were also obtained sometime. By the
Raman measurements, the black films were basically graphite. This phenomenon is strange since
the growth conditions for the good and the bad samples were similar. It may be resulted from the
change of plasma characteristics by adjusting the impedance. The experimental plan to demon-
strate the UV enhancement of diamond growth in microwave plasma assisted CYD (MPACVD) is

described in detail.
EXPERIMENTAL PLAN AND DETAILS

Figure 1 shows the experimental setup for the demonstration of UV enhanced diamond growth.
The gas mixture consists of Hy, CHy, Ar, and HyO. H, and CHy are the basic species for diamond
growth. Ar can also enhance the diamond growth by energy and charge transfer [Zhu et al. 1990].
In addition, argon excimers emit photons at 129 nm in microwave discharge. Water vapor intro-
duced by a bubbler will be dissociated by the 129-nm photons and create additional energetic spe-
cies (H and OH) to enhance the growth rate. The flow rates of hydrogen and methane is controlled
by mass flow controllers while the rotameters are used to read and control the flow rates of argon
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Figure 1. The experimental setup for the internal coupling method.

There are three stages for the demonstration of UV enhancement in a microwave lamp for dia-
mond growth.‘ First, we should demonstrate that good diamond films can be grown inside a micro-
wave lamp with a gas mixture of Hy and CH,4 by adjusting the microwave power and the methane
concentration. The second step is to add argon into the gas phase to determine the optimal concen-
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tration of argon. The total pressure should be kept the same since the plasma condition is mostly
sensitive to the total gas pressure (while the growth rate is simply proportional to the concentra-
tion of the carbon carrier, methane). In the third stage, water vapor is introduced to study the
effect of UV dissociation on diamond growth.

DIAMOND GROWTH IN A MICROWAVE LAMP

Several growths have been performed in the microwave lamp. Table 1 shows the growth condition
for each samples. The pressure for all growths was 30 Torr. The actual power absorbed in the
plasma is equal to the transmitted power (P,) minus the reflected power (P;) and the power
absorbed by the structural material of the cavity and the waveguide (P, usually 30~80 W). The
(111) silicon substrates were seeded by diamond powder (nanocrystals) (for sample 4 and 5) or
prepared by scratching (for the others). It is difficult to measure the substrate temperature when
the experiment is running since microwaves will interfere the temperature measurement. How-
ever, it can be indicated by the microwave power level due to the proportionality of the substrate

temperature with the microwave power.

Table 1: Growth conditions of diamond samples

Sample P, (W)/P. (W) | CHy(%) Growth time Substrate position

4 Center of the cavity
700/130 1.5 6 hours 2.5 cm upstream to center

7 2.5 cm downstream to center

5 Center of the cavity

8 900/150 1.5 6 hours 2.5 cm upstream to center

9 2.5 cm downstream to center

10 700/100 1.2 12 hours Center of the cavity

11 700/100 1.5 20 minutes Center of the cavity

12 Center of the cavity

13 600/100 1.5 3 hours 2.5 cm upstream to center

14 2.5 cm downstream to center

These experiments tried to find the best microwave power level and the substrate position for the
future experiments. Table 2 gives the analysis of the samples. The first two groups, sample 4 to 9,
show the diamond crystalline structure with grain sizes of 1~3 pm. The grain sizes of sample 4
and 5 are slightly larger than the others. It is indicated that the substrates at the center of the cavity
obtained the better films than those at other positions. In addition, the secondary nucleation was
observed and there were some small clusters standing on the background film. The density of such
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clusters on the samples grown at 900 W is higher than that on the samples grown at 700 W. XRD
of these films show that the orientation of diamond structure is random. Also, sample 4 grown at
700 W is obviously better than sample 5 grown at 900 W. Sample 4 has been examined by Raman
measurements (however, the spectrum is not available at the time of preparing the report). Two
band with peaks around 1332 (not a very sharp peak) and 1519 cm™! indicated the co-existence of
diamond and diamond-like carbon (DLC).

Table 2: Results of growths

Sample Appearance | Grain size XRD Raman
4 ~3 um Fig. 2 diamond and DLC
gray ~1 pm Fig. 3 -
7 ~1 pm - -
5 1~2 pm Fig. 4
8 gray ~1 um - -
9 ~1 pm Fig. 5
10 black amorphous - -
11 black amorphous - -
12
13 black amorphous - -
14
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Figure 2. XRD of sample 4.
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Figure 2. XRD of sample 6.
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Figure 2. XRD of sample 5.

The other samples with black appearance show the complex of little shiny (or transparent) plates
with black substance under the optical microscope. These films are similar to those we reported in
December. It is strange that different results came from the same growth condition. This phenom-
enon might result from the change of the plasma characteristics while adjusting the system imped-
ance and needs further verification. There was always a black coating inside the plasma tube when
having these black films. Raman measurements showed this coating was graphite, which revealed
the temperature of the tube was too high to grow diamond.
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Figure 2. XRD of sample 9.
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Plan for Next Month

A series of experiments for the internal coupling method will be performed with different argon
and water concentrations. The aim is to prove the enhancement of diamond growth rate with UV
photons. Thus, the photochemical method can be used in other applications. The external cou-
pling method will also be examined. The UV intensity at the active region of a photo-CVD reactor
will be evaluated theoretically.
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